Introduction
We have predicted that organic semiconductor crystals with several percent carrier doping might show a considerable thermoelectric effect caused by transition in conduction mechanism from hopping to band-like [1] . Figure 1 shows the simulated density of states of thin-film phase pentacene which shows narrowing of HOMO states as the temperature is lowered due to decreased thermal motion of the molecule. If the carriers are chemically doped to the organic semiconductors, it can be expected that the narrowing will lead to the shift in the Fermi energy which can be estimated as where D(E), E F , p are the density of states, Fermi energy and the carrier doping concentration, respectively. Figure 2 shows the expected thermoelectric effect in the pentacene caused by this factor. Values more than 0.1 mV/K is expected. The intensity and characteristic temperature for this thermoelectric effect is determined by the transition of the conduction mechanism from hopping to band-like. Since the mobility of organic semiconductors is limited by thermal motion of the molecule which is strongly coupled with the transport, it expected that low-mobility materials might become a good candidate for a large thermoelectric effect.
In order to explore this possibility, it is necessary to prepare (1) crystalline organic materials which are (2) chemically doped to 1 -10 %. (1) is because the band-like transport is not expected in amorphous materials. (2) is to lower the electric resistivity of the material while maintaining the thermoelectric effects. We are making efforts for growing chemically doped crystalline organic semiconductors. In this presentation, we report bulk crystal growth of cupper phthalocyanine (CuPc), which is a typical low-cost organic semiconductor.
Strategy to grow doped crystals
There are various method to grow crystals of organic semiconductors: physical vapor transport, evaporation or cooling of solution and cooling of melt and so on. It is difficult to make chemically doped crystals from the above methods. Physical vapor transport separates the dopant from the semiconductor very easily during the sublimation and the transport process. Solution method is difficult to control the size of the crystal and the dopant concentration. Growth from melt has very limited application because many organic semiconductors decompose before melting. We therefore focusing on flux methods.
Flux method is a variation of solution method in a sense, but the solvent is solid at room temperature. Only at elevated temperature the solvent melt and dissolves solute, which is organic semiconductor and dopant in the present case. This flux method has advantages such as no hindering convection, considerably far from equilibrium. The former is useful to control the size of the crystals, and the latter is beneficial to include the dopant in the crystal. Also this method is compatible with floating zone technique, which is easy to control the speed of crystallization. These possiblity of flux method has not been studied in detail.
Dissolution of CuPc in anthraquinone (AQ)
We used anthraquinone (AQ; Fig. 3 ) as flux in this experiment. AQ is low toxic (used as a medicine for diarrhea), very stable at high temperature (stable upto 390 o C), and relatively inexpensive (~ ¥20000 / kg), and melt at 286 o C. We sealed CuPc with AQ at differnent molar concentrations in a glass capillary and measured its melting / solidification behavior by differencial scanning calorimetry (DSC). DSC signals showed spikes at heating and cooling, which correspond to melting and solidification, respectively. Solidification temperature is plotted as a function of molar concentration in Fig. 4 . It shows lowering of the solidification tempareture. At temperatures higher than 300 o C, the sample become mixuture of blue liquid and solid.
From Fig. 4 , it is concluded that eutectic temperature is around 263 o C at which the ratio CuPc: AQ = 5:95. It is expected that CuPc crystals can be grown when CuPc concentration is larger than 5 molar %. The solidification temperature became constant beyond 10 molar % of CuPc, and it is considered that the maximum concentration is around this value.
Conclusion
We confirmed that CuPc can be dissolved up 10 molar % in AQ. The solidificaiton temperature was lowered by 23 o C at eutectic point. We will show the result of crystal growth experiments of doped CuPc. A picture of small CuPc crystal grown from AQ solution is shown in Fig.5 . 
References

